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SUMMARY

Gust size and intenslty were measured during the.
spring and summer of 1941 and 1942 under & wlde variety
of weather condltlons at altltudes up to 34,000 feet.
The Army XC-35 alrplane was used ‘as the measurlng
instrument. The gust slze &and intsensity wsre derived
from recorded motlons of the alrr.lane and additlonal
data were obtalned on meteorological conditiodns.

The average gust-gradlent distance was found to be
independent of altituds and lncrsased =lightly as the
true gust veloclly increased. Ths meziimum effective
gust veloclity appcared to be Indepandeat of altitude
and was about equal to the dssizu value of I2 feet per
sacond. The trsatment of the duezign gust velocity as a
true gust veloclty, constant wiili altitude, cannot be
recommended on the basis of thess dava. Gust frequency
per mile of rough air decreased with altiltude.

INTRODUCTION

The present design gust load factors are based on an
effective gust velocily Ug of 30K feet per second
where K 1s the effective gust factor (reference 15 for
the. important guet-gradient distence H' of 9 chord lengths
(from unputlisred date). '[he baslc data for thsse design
requlrements have been obtained from two sources:
V-G records obtalned during normal-operations by commercial
Hirlines (reference 2) and alwspeed and accslerometer
records taken (on an open time ecale) during flight tests
of several alrplanes. Roenords from these tests were taken
at altitudes up-to 20,000 feet (rrevious to flight tests.
described in reference 3), although the mass of V-G data’
i1s not appllcable beyond about 15,000 feet.
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The data obtained during past investigations (pre-~
vious to fllight tests with the XC-35 alrplane in 1941,
reference 3) have been accepted for application to opera-
tions limited to moderate altitudes. The Increase in
operating altitudes of both military and commerclal
alrplanes 1in recent years has ralsed the question of
the apw»nlicabillity of the current guat design standards
in thils new condlition. The questlon has frequently bsen
ralsed, in particular, as to whether the design gust
velocity should bs treated as & Ytrue" velocity or as an
"indicated" velocity. The present investigation was
undertaken 1in 1941 to obteln, in vart, data applicable
to high-altltude overations and to answer thls question.
The investigation was continued and 19 more flights were
made under a wlde varlety of weather condltlons betwesn
June and October 1942. The data collected in 1941 were
presented 1n reference 3 and are comblned hereln with
the data obtained in 13942; consequently, the present
repcrt supersedes reference 3. The data were acqulred
with the Army XC-Z5 alirplane flylang within a radius of
100 mlles of Lenglsy Fleld, Va. Records of accelsration
and eiraspeed were obtalned at altlitudes up to 23, 600 feot
during 1941 anc up to 22,500 feet during 1942

AFPARATUS

The XC-35 alrnlane is a revlsed model of the
Lockheed 10-E bullt in accordance with specifications
of the Materiel Division, U. S. Armmy Alr Corps, &and 1is
shown 1n fIgure 1. The airplane differs from the
model 10-E In that 1t has a pressurized cabin eand
engines of greater powsr, It was desligned to have a
service celling of 35,000 feet. Pertinent dimenslons
and characteristics of the XC-35 airplane are given in
the following table:

Gross welght, pounds .....eceeeevvecvancasecnsees 11,139
Wing area, sSquare feet .ececeecavscsassoccssceea 458.3
Wing loading, pounds per square foot ....ecees-e 24,3

Spu-n’ feat 2 ® 98 0 08 0P 0O S v S PSP U G020 s OE P OB SR STCS 55
Loangth, feet ..crcecerencaccnccrssaonsccsscsssaces 39
Moan asrodynamic chord, feot ..cscveesscsaccsons 9.23
Center-of-gravity locatlon, percent mean

aerodynamlc chord ceceeseecsccccsoncesccssnone 24.4

Tail 1ength’_feet ® 0 &6 8 6 060" &5 9 05 00 S P VOO B ADSE PO s SN 25.5
EBElevator area, square foet «ic.ccievecannrcnenns 31.3
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Stabillizer area, square foe8t .ccciececcsreccecnse. 65.4
Aspect ratlo sscesesscecssccscrcnsssscnverssersaas 6.6
Ta.pe-I; i"a‘tio ® O D 09 P 089 8 0o D8 o0 e P SO 6P S ON PSS PEBSEO N SIS 3.1
The leading edge of the mean aerodynamlc chord 1s located
15.4 inches behind the leadlng edge of the wing at the
root sectlon.

The use of the alrplane as a measuring instrument
(reference 4) requires the use of recording instruments
to determine the reactlon of the alrplane to gusts. The
Instruments carried in the alrplane for thls purpose weres

(1) NACA air-demped recording accelerometer
(2) NACA silrspeed recorder
(3) NACA timer (l~sec. interval)

The accelerometer and airspeed recorders were fitted
wlth magazine film drums and carried sufficlent film for
30 minutes of record at a film spveed of 1/8 inch per
second.

METHOD

The majority of the fllghts were made in cumuliform
clouds. The procedure was to climb to service ceiling,
to select a cloud formation for survey, and then to make
successlve passages through the cloud at various altitudes.
During a passage through a cloud, the intent was to
maintaln level flight. At times, however, the procedure
was modlfled by the pllot in the interests of safety.

TESTS

The airplane was flown whenever conditions appeared
conduciver to turbulence at melativély high altitudes.
As the program was finally arranged, flights and mete-
orological measurements were made when

(1) Sharp well-defined cold fronts were located in
the vieinity of Langley Fileld
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(2) Large curuliform clouds and local thunderstorms
. Were expected

No fllghts were made when

(1) Condiltions indicated diffused ill-defined cold
Ironts or when warm fronts and occlusions were
expected

(2) Conditions d1d not indicate the presence of
turbulence at high altitude

Because of the limitatlons of forecasting and weather
observations, the conditicns encountered during a flight
were not always those expectad.

Durinrg 1942, the service celling of the test alrplane
was reduced to about 24,00C fest by various mechanical
difficulties. As a result, the maximum altlitudes attailned
during cloud surveys was consliderably less in 1942 than
in 1941.

The recording instruments in the alrplane were
oparated only during traverses through clouds or when
turbulence was encountered 1ln clear air. Operatlons
continued until ths film supply for the recording
instruments was exhausted or untll no more turbulsnce
was encountered.

RESULTS

Records of acceleration and ailrspesd were evaluated
as descrlbed In references 4 and 5 to give the true gust
veloclty Ut and gust-gradient distance H for each
satlsfactory acceleration peak. For thils report, the
minimum accesleratlion peak evaluated was O.lg, which 1s
equivalsant to an effective gust veloclty of 2.2 feet
per second at an alrspeed of 240 feet per second. Fig-
ure £ shows all the data of this type obtained during
the 19 flights 1n 1942 and filgure 3 presents all the
data obtained during 37 flights in 1941 and 1942.

In additlon to the svaluation of true gust velocitles
from the relatively limited number of satlisfactory cases,
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efery acceleration peak was evalﬁated to give the effective
gust veloclty Ug &and the true effective gust velocity Usy-

The evaluatlon was made from the- 1 g 1line as a datum so
that, In this resapect, the results are comparable with
those obteined from a V<G recorder (references 2 and 5).
In the present lnstance, however, the varlation of the
wolglit of the alrplane has been taken into account in the
evaluation of the data. From the data obtained on each
flight during 1942, figure 4 was prepared by plotting

the maximum positive and negative values of affectlve
gust veloclty from each traverse as a function of altitude.
Flgure 5 Includes all such data obtained during 1941

and 1942, For comparlson with the test data, curves
representing assumed constant indicated deslgn gust .
veloclity and constant true design gust veloclty are
included in figures 4 end 5.

The data on effective gust velocitles obtalned during
this investigatlion are shown in tables I and IT for
different ranges of altitude. The percentage of total
time glven in the tables is the percentage of the total
record time in rough alr. Because the instruments were
operated only when turbulence was expected, 7.l hours of
record were obtainaed in 63 flight hours.

PRECISION

Reference 4 indicates that the evaluation of true
gust velocltles from airplane reactions is somewhat
uncertaln unless the airplane has been calibrated in
the NACA gust tunnel. Owing to the urgency of other
work 1in the NACA gust tunnel, the XC-35 alrplane has
not been completely calibrated. Until the calibration
has been completed, estimates of the precision for the
measured values of the various quentitles are as follows:

Alrspeed, miles per hOUP «..ecececsnssscccsnsanens '}
Acceleration InCrement .esceesccesscscscssscscases F0.18
Time Bcale, Beconds @ 9 8 0% 088 0O &R DSOS S S PPOESTOOEO *R sad +O 05
Altitude, feet -‘I..........'....‘.--......I...... +1oo
Gust velocity, percent ...-......-.-....-......... tlo
Gust-gradient distance H, foat secescsecsvosacscese 1-15

The value of Ut 1s dependent upon the magnitude of
H and 1s therefore dependent upon the calitration of the
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XC-35 model. By definition, Ug and Usy are not
affected by the calibration. :

. DISCUSSION

Tte complete data are in general agreement with the
partlal results presented 1ln reference 2. Inspection of
flgures 2 and 3 shows that the largesst gust velocltles
occur with gust-gradlent distances larger than 9 chord
lengths. The largest values of true gust veloclty obtained
in 1941 and in 1942 hed gust-gradlent dlstances that were
almost equal - 230 feet and 218 feet, respectively.
Although the largest wvalue of effective gust veloclty Usg
was obtained in 1942 (fig. 5), the largest value of true
gust velocity Ut was obtalned In 1941 owing to the nature
of the evaluated acceleration peak.

In previous investigations (reference 4 and unpub-
lished data), the largest gusts almost always occurred
wlth gust-gradlent dlstances of about 9 chord lengths.
It was poilnted out in reference & that the effect of the
longitudinal stabllity of the alrplane restricts the
range of gust-gradient distances "recognized"™ by the
alrplane. On this basls and from a general kmowledge
of the factors lnvolved, the XC-35 airplane appe&red to
be somewhat less stable than the airplanes previously
used for such work. The results of tests In the NACA gust
tunnel are needed, however, before these comments can be
verified.

. The resuvlts shown 1n flgures 4 and 5 and tables I
and IT indlcate that, for all practical purposes, the
maximun effective gust veloclty Us,,yx 18 Independent of

altlitude. The values of Usmax recorded during flight

‘tests are approximately equal to the design gust veloclty
of 30K feet per second (reference 1) at all altitudes up
to 33,600 feet. The test data and curve B of figure 5 °
show that the adasumptlon of & constaat variation of true
gust velocity with altitude is not valld. It is inter-:
oatlng to note that the valuss of Uémax in figure 4

tend to lnerease with altitude up to 21,000 feat; this
trend 1s relatively unlmportant since very little data
wersa obtalned from 21,000 feet to 22,500 feet and none

" at all beyond 22,500 feet owing to the decreased service
celling of the XC-35 alrplans.
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o Although the design effective gust veloclty.fcr the
XC-35 alrplane {curve 4, fig. 5) was not equaled for
altitudes below 10,000 feet V-G data (reference 2)

" obtained bslow 10, OOG foot equal and exceed the design
‘effactive gust velocity. -Although the most severe
condlitions that exist in the atmosphere were probably
not investlgated, the data indicate that the présent
design requirements are satisfactory. Applled accelera-
tions from which the data were obtalned were not so
large as the design applied gust load factor, inasmuch
a8 the pllot operated the airplane to maintain a
reasonable speed. o

In order to determine the influence of altitude

and gust Intenslity on the gust-gradlent distance H, the

evallable data for 1942 and 1941 were used to obtain the

average value of gust-gradlent distance Hgy for gilven

ranges of altitude and gust veloclty (fig. 6). When
only one or two polnts were avallable, the data were not
used to determine Hgy. The results indlcate that, for
altitudes up to 34,000 feet, the gust-gradlent dls- . ::
tance H 18 1ndependent of altitude and lncreases
slightly as the trus gust veloclty Ut Iincreases.

Slnce the results indicate that the maximum effec-
tive gust velocity is independent of altitude, it 1s
deslrable to determine whether the gust frequancy is a
functlion of‘altitude. Figure 7, prepared from the data

. of. teble II, shows that ‘the gust frequency per mile of
rough alr decreased with altitude, particularly above
18,000 feet. Extrapolation of ths curve indicates a
negligible gust frequency above about 40,000 feet, a
reasonable conclusion for the climatic conditions of
eastern Virginia. If the smooth alr that is normally
encountered by an airplane. is neglected, up to
20,000 feet there appears to be no decrease in gust
frequency per mile of rough air. The gust-frequency
scale of filgure 7 1s not significant for statistical
studles since the low categories of gust velocity have
not been included. .

. CONCLUSIONS

Data obtalned from measurements of gust size and
intensity under a variety of weather conditions and at
altitudes up to 34,000 feet indicated the following
conclusions:
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1. The average gust-gradient distance was indepen-
dent of altitude for altlitudes up to 34,000 feet and
increasad slightly with gust intensity.

2., Effectlve gust velocltles squal to and exceeding
the deslign value of 32 feet per second were encountered
at altitudes up to approximatsly 34,000 feet.

3. The maxlmum effective gust veloclty was lndepen-
dent of altitude.

4. The treatment of ths design gust veloclty as a
true gust veloclty censtant with altitude cannot be
recommonded on the basis of the data pressnted.

5. Gust frequency per mlle of rough alr decreased
wlth altltude.

Langley Memorlal Aeronautlcal Laboratory,
Natlonal Advisory Commlttee for Aaronautilcs,
Langley Fleld, Va.
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TABLE T

FREQUENCY DISTRIBUTION OF EFFECTIVE

GUST VELOCITY FOR DIFFERENT RANGES OF ALTITUDE

. fpata obtained during 1943}

Altitude 0 |5000{10,000}15,000|20,000{ O
U, range to to to to - fo to .
(Pps) £t)| 4000| 9000} 14,000}19,000}24,000|24,000
0O to 4 27 | 518| 193 172 60 970
4 to B 57 |1082f 430 581 137 | 2287
8 to 12 18 | &25| 160 236 94 833
12 to 16 1 66 57 91 34 249
16 to 20 15 17 38 13 83
20 to 24 1 4 10 10 25
24 to 28 2 2 2 3 9
28 to 32 1 3 1 5
32 to 36 l 1
36 to 40 1 1
Total 4463
Record time ' .
(percent 3.5 [44.2] 16.1 | 27.6 8.6 ————

total time)




TABLE II1

FREQUENCY DISTRIBUTION OF EFFECTIVE

GUST VELOCITY FOR DIFFERINT RANGES OF ALTITUDE

Iipta obtained during 1941 and 1942; total record time, 7.1 hfa
1titude 0 5000 | 10,000 } 15,000 | 20,000 | 25,000 | 30,000 0
Yo range to to to to to to to to
(fps) f£t)| 4000 | 9000 | 14,000 | 19,000 | 24,000} 29,000 | 34,000 | 34,000
Q to 4 217 | 622 267 043 109 102 435 1603
4 to 8 340 | 1322 571 760 3554 449 215 4011
8 to 12 751 351 233 335 198 274 161 1627
12 to 16 10 70 89 129 109 75 51 533
16 to 20 0 15 29 48 41 34 17 184
20 to 24 o] 2 8 15 14 15 7 61
24 to 28 1 2 2 5 6 - 6 4 26
28 to 32 4 4 1 3 1 13
32 to 36 1 1 1 S
36 to 40 1 1
o Total 8061
Record time
(percent 6.7]29.3 ] 12.3 17.3 11.6 14.0 8.8 ——
total time)
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Figure 1.- Side view of XC-35 airplane.
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